Abstract The Helicobacter pylori outer membrane proteins play an important role in pathogenesis; the outer inflammatory protein A (OipA) is one of these proteins which play the main role in the development of inflammation. In this study, purification of recombinant H. pylori OipA was performed by Ni-NTA affinity chromatography. Gastric carcinoma epithelial cells (AGS cell) were treated by different concentrations of recombinant OipA for various lengths of time and cell viability was evaluated by the viability assay. Statistical analysis showed that OipA had toxic effects on AGS cells in a concentration of 500 ng/ml after 24 and 48 h, and this toxic dose was 256 ng/ml after 72 h. OipA had direct toxic effects on gastric epithelial cells and the toxicity was observed to depend on time and dose of H. pylori exposure. Attachment of H. pylori to gastric epithelial cells is a key part in the pathogenesis and enables H. pylori to damage the epithelial cells with OipA.
Introduction
The pathogenesis of Helicobacter pylori is complex and outer membrane proteins (OMPs) have an essential role in progress of H. pylori infection. The OMPs are necessary to attach to gastric epithelial cells [1] [2] [3] [4] . Some of the OMPs cause inflammation and IL-8 secretion from gastric epithelial and immune system cells [5] . Outer inflammatory protein A (OipA) is an OMP and one of the most important inflammatory proteins in H. pylori. Some studies have shown several pathogenic effects of H. pylori OipA such as bacterial attachment to gastric epithelial cell, activation of focal adhesion kinase, re-organization of cytoskeleton and IL-8 secretion [5] [6] [7] . Almost all strains of H. pylori have alleles of this protein but the status of oipA is not always ''on'' and can change to ''off'' in some infections [8] . Expression of this protein is regulated by slipped-strand repair mechanism and oipA is expressed in most of East Asian strains [9] . OipA could potentially has an important role in the pathogenesis of H. pylori, and purification of this protein can aid to investigate pathogenic evaluation of this factor.
In this study we purified this outer membrane protein and evaluated toxicity effects of this protein on gastric epithelial cell.
Materials and Methods

DNA Genomics of Helicobacter pylori
DNA genomics of H. pylori 26695 was kindly provided by Dr Esmaeili (Tarbiat Modares University). Bacterial strain E. coli GM2163 and BL21 (DE3) were obtained from Fermentas (Lithonia) and Blood Transfusion Organization (Iran), respectively. pJET and pET-28a as cloning and expression vectors were purchased from Novagen. LB and 2XYT broth and agar (Merck, Germany) with and without 30 lg/ml kanamycin and ampicillin (Sigma, USA) were used for bacterial culture.
Genomic DNA was extracted by genomic DNA extraction kit (Fermentas, Lithonia). Specific primers were designed according to oipA completed sequences of H. pylori 26695 from NCBI. The sequence of forward primer containing a site for NcoI restriction enzyme was 5 0 AAT CCA TGG TCCACGCTGAAAGGAATGGG-3 0 and reveres primer with a site for XhoI was 5 0 AGG CTCGAG CACTTTAA CCCCTAATTCAACAC-3 0 . PCR products were ligated to pJET vector. This construct was transformed into E. coli GM2163 and was cultured on LB agar containing ampicillin to preserve sequence of oipA in prokaryotic system.
Plasmid extraction was performed by plasmid extraction kit (Bioneer, Korea) and pJET containing oipA and pET28a was extracted and two vectors were digested with NcoI and XhoI restriction enzymes to make cohesive ends. Then oipA gene and pET-28a were ligated with T 4 DNA ligase and were transformed into a competent E. coli BL21 (DE3) strain.
Induction was performed in 2XYT medium by 1 mmol/l IPTG and purification was applied by Ni-NTA affinity chromatography according to manufacturer's protocol (Qiagen, Valencia, CA, USA) and was confirmed by polyclonal antibody against H. pylori and Western blot.
Human Gastric Cancer Cell Line (AGS Cells)
Human gastric cancer cell line (AGS cells) was provided from cell bank of the Pasteur Institute (Iran). AGS cells were cultured in RPMI 1640 that was supplemented with 100 lg/ml penicillin, streptomycin (GIPCO/Invitrogen) and 10 % FBS. The cells were incubated in 37°C and 5 % CO 2 . RPMI 1640 and fetal bovine serum were obtained from GIPCO/Invitrogen.
Evaluation of Toxicity Effects of OipA on AGS Cells
Evaluation of toxicity effects of OipA on AGS cells was performed by measuring MTT dye absorbance of viable cells. AGS cells were cultured in 96-well plates (10,000 cells/well) overnight, and treated by purified OipA for different concentrations and times. Serial dilutions of OipA from 1 ng/ml to 100 lg/ml were added on the cells and were incubated for 24, 48 and 72 h. BSA was used as control in the same concentrations. After incubation, 100 ll DMSO was added to every well, the formazan precipitate was dissolved in DMSO and the optical density of each well was read at 570 nm.
Statistical Analysis
Data were analyzed using one way ANOVA followed by Dunnett's test (OriginPro v. 8.5.1.) and significant difference was set at p \ 0.05. (Fig. 1) .
Results
Cloning of
In our study designed the primers to make sure that the ''on'' phase of the oipA gene is quantified. Escherichia coli BL21 (DE3) was transformed with recombinant plasmid pET28a/oipA containing T7 promoter as expression host. Protein production was induced with IPTG (1 mM). SDS-PAGE 12/5 % gel detected proteins in approximately 30 kDa weight after staining with coomassie blue G-250 (Fig. 2) . Purification was applied by Ni-NTA affinity chromatography according to manufacturer's protocol (Fig. 3) . In order to detect recombinant OipA proteins, Western blot analysis was performed. The major band observed in SDS-PAGE (30 kDa) was confirmed as recombinant OipA protein by Western blot analysis (Fig. 4) . In our study, we used polyclonal whole cell H. pylori antibody.
Measurement the Viability of Gastric Epithelial Following Treatment with H. pylori OipA
To evaluate the effect of OipA on the gastric epithelial cells, various concentrations of OipA treatment times were epithelial cells in the concentration of 256 ng/ml. We had no change in viability of AGS cells that had treated with BSA as control. These results showed that with the increasing of OipA dose and time, the viability of gastric epithelial cells deceased (Fig. 5) .
Discussion
Yamaoka was the first to report the discovery of a novel 33 kDa protein as potent virulence factor. He observed that this protein can induce inflammatory processes and was present in 80 % of H. pylori samples that were isolated from peptic ulcers [5, 10] . OipA protein is a very important virulence factor that has a synergic effect with cagA [6] . This protein does not express in all of the strains and expression of oipA is under control of ''ct'' repeat in signal sequence of oipA gene [5] . In this study we have evaluated toxicity effects of purified recombinant OipA on Gastric epithelial cells (AGS cells) and our research revealed that this protein is toxic on epithelial cells of the stomach (Fig. 5) .
We had previously reported the N-terminal sequence of OipA to be important in attachment and signal transduction. Bioinformatics studies revealed that OipA, same as VacA, is an auto transporter protein [11] . Signal sequence of oipA was deleted by primer designing, because signal sequence is eliminated before expressing on surface of H. pylori.
Attachment of H. pylori to gastric epithelial cells is very important for pathogenesis of the bacteria [12] and OipA has direct toxic effects on gastric epithelial cells when exposed to H. pylori. As we have shown in this study, this toxicity depends on the duration of exposure and dose of the bacteria which have expressed this outer membrane protein.
Cell death or cell proliferation determines the pathogenic pathway of H. pylori. Gastric and duodenal ulcers result from gastric cell death and cell proliferation result in metaplasia and cancer. Imbalance between these two phenomena almost causes stomach disorder by H. pylori [13] .
Some statistical investigations have shown that the presence of OipA is associated with high frequency of peptic and duodenal ulcers [10, 14, 15] and that the presence of this factor is not related to gastric atrophy and intestinal metaplasia. Other factors such as VacA and CagA are believed to be associated with gastric adenocarcinoma [10] . Our findings revealed that OipA causes direct death of gastric epithelial cells and has a role in inducing peptic and duodenal ulcers. These results confirm previous statistical studies which on the role of OipA in stomach ulcer.
